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Abstract: This paper deals with analysis of qualitative aspedf machined surface by hard turning with
CC6050 cutting ceramics cutting tool and by progies grinding with SG grinding wheel on the Seeded
Gel grain application. The main area of this aréigk the analysis and also the process influenoesuo-

face roughness and Abbott surface profile and ns

icuture. The applied cutting conditions (parame-

ters) supposed the influence on fatigue strengtivesring resistance, etc. It is possible to apmtrthe
complex surface topology evaluation in term of @asi possible aspects. The main problem of surface i

tegrity resides in the possibility of new theomesatio
is necessary to advance functionality of part stefa

n in term of new trends of machining tecbggl It
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1. INTRODUCTION

The patterns of the cutting process and creatigheof
desired shape and size of the pieces is the vegnes of
machining process. New stronger materials are fmed
expanding the number of components requiring high
quality surface. They are very hard to be machimed,
quiring high dimensional and shape accuracy anth hig
surface quality. Parts with better surface quabar
dynamic loads, are wear and corrosion resistaote@se
the functional capacity, reliability and durabiliéf com-
plex mechanisms, and thus also the economic beofefit
the whole plant and equipment.

The prerequisite of achieving high quality compo-
nents is the use of hard machining methods (tujnartd
finishing by fine machining (grinding). The valuekthe
surface quality of machined parts are to be fountheir
production technology, especially in the cutting@gtion
[6].

The task is to examine the integrity of the surfaze
create new theories according to current trendéh-
nological practice. Therefore, from the practicahdi-
tions of the manufacturing process the followinguar
ment can be deduced. The integrity of the surfaeeh
significant impact on the sequence of manufactudpg
erations of the technological process. In ordesuitcess-
fully address the quality indicators and surfacecfio-
nality it might be sufficient to know and be ableagti-
cally to apply the surface integrity patterns. Treeent
experiments results belonging to several authorse ha
focused on the vibration study during grinding. Hwer,

some vibration analyses were only focused on conven
tional abrasion, by analyzing the acceleration cmmp
nents as well as the associated quality of machsued
faces. It was analyzed the impact of the cuttingdto
tions and machine tool vibration on the quality tbé
processed surfaces. In this article we focus onishee

of SG vibration in grinding wheels. Therefore, {ner-
pose of the study is to examine the oscillationsadh
vanced applications based on cutting tools seedtd g
grain and its effect on surface quality. It is atsmsi-
dered the issue of hard turning with cutting cecanFig

4). All studied parameters are a prerequisite Hereffect

of fatigue strength, wear resistance, quality,cfitirosion
stability, etc., which are crucial especially inndynic
stressed parts of machinery and equipment subgect t
wear.

2. METHODOLOGY OF EXPERIMENTS

In experiments the bearing steel 102Cr6 hardened to
62 HRC was used. It has a chemical composition show
in Table 1 and a microstructure, which consistsnaft-
ensite (Fig. 1). The chemical composition and mecha
cal properties were measured on a spectrum analyser
JrCCD Spectrolab. Table 1 shows the quantitieslef e
ments of bearing steel. The measured results alkniv
fication of conformity with standards in the maratfae
and also the heat treatment of steel.

When comparing the SG grinding wheels, we consid-
er the following cutting conditions: depth of @yt(mm);
feed rate; (m.min™); speech (min™).
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Table 1
Chemical composition of bearing steel 102Cr6
Chemical (%)
Composi-
tion C | Mn | si cr Cu | Ni P s
1.30
< < < < < max. max.
102616 111 | 12 | 065 | ,'% | 025 | 03| 0.027| 003
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Table 2
Grinding cutting conditions
Measure Grinding
sure- \ n wheel
ment 3 [mm] [m.min? | [min™ | diameter
number [mm]
1 0.01 8 2520 195
2 0.02 8 2520 195
3 0.03 8 2520 195
4 0.04 8 2520 195

after grinding, the incidence of residual austerdtger
was observed. The structure presents a well-formad
tensite and annealed fine globular carbides.

The experiments follow the cutting force analysis i

Fig. 1. Device for measuring the spectral analysis JrCCD [5] Static and dynamics evaluation terms and also tea-m
surement of surface micro-geometry [2].

2.1. Used for cutting hard material turning— ceramic
cutting insert CC6050
There are many uses of ceramic materials, due to
higher hardness and wear resistance, being thé afsu
strong ionic or covalent bond. The growing field ayf-
plication of ceramic materials in machining is doethe
increasing replacement of the traditional methods o
grinding by cutting operations. Designers consjargt
quire new materials with increased strength andi-har
ness, better thermal properties, and improved wnesis-
tance. But the same required characteristics areinme
different appropriate materials. Two examples aze- h
dened steel and alloys, which are characterizeddmg
Fig. 2. Microstructure of surface layers of steel 102Ct6éraf strength and wear resistance in many applicatimasn-
grinding, etched Nital 3% magnification 50(]. taining strength at high temperatures of operafidrese
materials are often used in applications, wherergam
degree of precision is required, in which theratiseast
one machining processes. The technology applied in
practice required casting or forging, consideridgguate
dimensional precision surface quality. As an examngpl
typical application uses a hardened bearing ste¢he
automotive industry. Ceramic cutting materials ehe-
racterized by high hardness, which is preservea exe
high operating temperatures of 1 000 + 300 °C. Tdrey
chemically stable and in the cutting process doreatt
with the workpiece material. Durability of cuttireglges
of ceramic inserts under correct conditions is vgopd.
Ceramic cutting tools from ceramics (CC "Coromant-
Sveden") are use for a large amount of materiabre
using high cutting speeds [2].
Fig. 3.Microstructure of surface layers of steel 102Créraft To achieve the machining process quality we need to
hard turning dry etched Nital 3% 50@nagnification [2]. match the cutting ceramics parameters using availab
cutting insert with the required physico-mechaniaat
The cutting fluids used in grinding is EMULZIN H chemical properties. Among the characteristicsugnit
(2% concentration), flow rate 8 I/min. For 8 and SG  cing the use of CC during operation one includes-ha
the used parameters wem; = 0.02 mm,fy = 80 um ness, tensile strength and bending strength, steietnd
(Table 2). In hard turning, test samples of CA-oecs  thermal properties.
(CC6050) were used for the following cutting parame  Very effective is a homogeneous fine-grain struetur
ters:n = 1 600 mift, a = 0.2 mm,f = 0.141 mmy, = of CC, having a very good strength characteristie&s
142.7 m.mift. quired for machining technology. Strength proparty
In Figs. 2 and 3 the microstructure of steel 102Crépressure is comparable with the strength of cerdente
can be seen. The surface area for hard turningds p carbides. However, the bending strength is lowen-co
sented having a continuous layer of residual aitsten pared with carbides.
with a thickness of max. 2 mm (see below annealed g Therefore, in CA choice we have to choose the cor-
bular martensite and carbides). On the surfager rect geometry of the cutting insert so that i fhrocess
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Time (s) 1
Fig. 6. Signal components of cutting forég andF, for V,,/ =
1 500 mni during grinding AjO, ata, = 0.03 mm, wheel di-
Fig. 4. Hard turning of the test sample of an tool with Egtate ameter 195 mnpl].
CC6050 on CNC lathe HARRISON Alpha 1300S.

to ensure the rigid ceramic insert mainly the |lgasis- W =
sure and bending forces (negative anglesd, nega- ] 2
tive collar at the forefront of cutting edge). EEW
150
3. EXPERIMENTAL RESULTS B
] Z
3.1. Analysis of the relationship between the corop l%giu‘f_w
nents of cutting force and the amount of material 50 ]
removed during grinding o0 . |
Cutting force components were recorded in the com- Time (s) L

puter considering the scheme of experimental measur

ments. Thus, the obtained records were analyzealrebt ~ Fig. 7. Signal components of cutting forég andF, for V,; =
ing a static view (Fig. 8) as well as dynamic comgus 1 500 mni during grinding ag, = 0.03 mm, SG wheel diame-
(Fig. 9). In Figs. 5 and 7 the records of cuttimycé ter 195 mn{1].

components compared for grinding wheels are shown )
Recording (Fig. 5) shows the components of cuttingforce- These phenomena also confirm the measurement

force after the withdrawal,, = 30 mni and ALO; insert of other authors who have dealt with this issuthapast

after alignment. Shear strength components of worrand show that the size of variation of cutting &mm-

wheels A}Os, SG after withdrawaV,’ = 1 500 mrare  Ponents is 23 times greater in conventional abrasives

shown in Figs. 5 and 7. compared with the application of SG grqins [3ahd 4
Furthermore, the records are filtered components of ~The measurement of the static cutting force compo-

the static cutting force and dynamic componentperf-  Nents showed t_hat differences k_Jetween the grinding

cing the grinding wheel wear through the statigiogt ~ Wheels are relatively small especially for smallues

force size for different depths of cut. In partaylthe —and soforth. o

RMS value of cutting force components are much kmal  Also that at highea, values the statiE, is for Al,Os

er (less dynamic activity) in the applications bisttype €SS than the in application of SG disc (Fig. @aia in

of abrasive, the grinding wheel maintaining a stdbhg- ~ conjunction with a different mechanism of abrasiesar.

term significance of change without cutting awti
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Fig. 5. Signal components of cutting forég andF, for v, =
mne.mmi* in grinding Al203 ag, = 0.03 mm, wheel diameter ~ Fig. 8. Influence ofV,, on the static component of forEg ata,
195 mm [1]. =0.03 mm [1].
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sive grain usually gradually wears) the size of RS
values of cutting force components significantiacped
(only slightly higher values).

In the area where the grinding wheel becomes uninte
rested, their size is growing rapidly (unlike thiatie
components) and the grinding wheel should be faced.

The results of changes in particular RMS values ind
cate that the differences in RMS can be seen atioel
to long-term interaction with the piece tool whishindi-
cated by the effect of tool wear and is not usuiyne-
diately after facing grinding wheel.

dizka [mm]

Fig. 11.Record of surface roughness ¥¢f = 1 180 mm
wheel AbO; (D = 195 mm), ai, = 0.03 mm [1].
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3.2. Analysis of the impact of the grinded volumefo
material to the surface roughness i .
Another area analyzed the impact of dynamic cutting Fig- 12.Record of surface roughness %47 = 1 180 mm
process and the final shape of the abrasive surface wheel SG P =195 mm), ag, = 0.03 mm [1]
roughness [1].
Roughness of the surface components was evaluatenificantly lower than of the cut surfaces by the@J
for selected numbers of wheel passes in five plaza@ls  tool.
culating subsequently the arithmetic average. Grinding wheels SG will longer maintain their cogi
Inputs were evaluated in DASYLAB 4.0. Thus, the parameters with respect to their capacity, whickhan
records were analyzed for various parameters arfidcgu  reflected positively in the surface roughness (Fit@
roughnesR,, R, R.. In Figs. 10 and 12 the records of and 14).

surface roughness after grinding are shown, comgari An analysis of the impact of the volume of grinded

grinding wheels of Al0;and SG. material on the surface roughness shows that vki¢h t
Record of surface roughness on Fig 10 are forehe r increase o¥,, the roughness grows. In Figs. 13 and 15 it

movalV,, = 30 mni — wheel ALO; after facing. can be seen the variation of roughness parameters d

Records of surface roughness,@{ discs, SG after pending on the impact of the grinded matehig! for
removing material\(,, = 1 180 mm) are shown in Figs. each grinding wheel (4D;, SG).
11 and 12. In Figs. 1315, a graph oR,, Ro, R, is shown. Two
In Figs. 10 and 11, it is shown a comparison of thedifferent curve types are represented for the twaiem
surface roughness fa, = 0.03 mm and changing the rials. For the processed surfaces the roughnessipa-
Vi, which is caused by the grinding wheel wear. Figs  rable (Figs. 13 and 14).
and 12 ¥, '= 1 180 mrf) show that the size of micro- The curveR,, Ry, R, in case of SG show less values
irregularity of the surfaces that were polishedwdeels  than in case of ADs. In the context of increasing RMS,
SG is significantly lower than in surfaces polisheyl  the values of cutting force components as welhasstze

Al,O; tool, which is similar in wear and shape. of R, increase for conventional disc greater than irecas
The comparison between Figs. 10 and 12 shows thof SG grains [1].

surface roughness &, = 0.03 mm for changiny/,,, In this area starts grinding wheel wear more ancemo

which is caused by the grinding wheel wear. FMgr'= radius abrasive grains, a grain abrasives, whiehbar

1 180 mmi (Figs. 10 and 12) it is shown that the size of ginning to create flat pads and not the cause titira
surface micro-geometry for polished wheels S&g- but also a larger increase in the cut surfaoghness
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20 . 3.3. Analysis of the hard turning surface roughness
effects
Roughness varies for different machining conditions
Its properties are largely dependent on cuttingd@@ms

_e_SG \ and geometry.
N

—e—AI203

There are differences in quantitative and qualiéati
characteristics of roughness of surfaces machingd b
turning and grinding that are based on differerih-pr

f\’/w ciples, different types of cutting tools as wellthe dif-

Ra [pm]

08 ‘N_./-_. ferent position of the tool against the workpiece.

The machined surfaces micro-geometry is influenced
by several factors. These are the initial condgigout-

0.4 ting speed, feed motion, and depth of cut), imupacthe

geometry of the cutting edge (rack angle, cleaangle,

0.0 | | ‘ and tip radius), influence of the cutting tool nratk(Ul-
' 0 250 500 750 1000 1250 1500 tra Fine— EN, Cutting Ceramics, Cubical Boron Nitride),

Vv, [mm3mm-] impact of vibration of the technological systemgd arot
least the impact of cutting tool design.

Cutting parameters for hard turning were chosen to
achieve dimensional accuracy, the surface roughness
being approximately the sam,< 0.4um).

Fig. 13.V,, ifluence on surface roughneRgata, = 0.03 mm
without sparks.

25 - The chosen micro-geometry parameters that are most
used in practice (used by 90% of producers) ard tse
//\ express the value of the roughn&sand the quality of
20 /\ /./ ¥ processed surface.
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Fig. 15V, influence on surface roughneRsata, = 0.03 mm. B i
= =,
increase in surface roughness in this area alsteseto ! :i‘__-f "":_-_“;_..
different material removal processes (deformatiarthe R S —cT
contact tool and workpiece. . ‘_5,-..
. 2

The increase iR, values as well as some other para-
meters correlated with the increase in RMS cutforge

components values and is therefore heavily infledrtty  Fig 16 Graphic recording of a surface roughness measutemen
the cutting process dynamics. for 102Cr6 dry turning (left) and cut (right).
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The aim was eliminating the impact of different-sur «

face roughness in tribological tests, in which shdvear
is higher for surfaces with greater surface roughne
Verification of the impact displacemerf) @nd cut-
ting speed\()) in hard turning is achieved fér= 0.1 mm
obtaining surface roughneRs= 0.20 mm.
It was changed the fedd= 0.15 mmr, = 0.8 mm,v,

surface roughness and material share at 40% déstanc
from the surface of irregularities show that istéeto

cut surfaces comparing 58 + 60 + 38% versus 40%
for turning,

grinding of hardened steels arises from strong tem-
pered HVO0,1 = up to 900 HVO,1 = 700 + 750 with
impaired crystal surface.

= 150 m.mift, p = 0.2 mm. It was achieveR, = 0.33 + Assignments scientific contribution is that it bdeas
0.38 mm. the knowledge of hard turning dry cooling is a wide

Test results of machining various hardened steelrange of machining of hardened steel, but mosttgreds
confirm that the surface roughness in hard turrislg knowledge of the integrity of the machined surfaaed
equal to or better than the grinding without spaidee  hardened steel used in automotive industry [6].

Fig. 16). This opens the way for further research in thidfie

Turning with cooling in many cases even improvesfor optimizing machining processes of hardened a»mp
the surface roughness. nents in the manufacture of their dominant functon-

In addition, the arithmetic average roughn&gsis  faces. It can reasonably be assumed that the qevelt
different for a better measured surface and ansasde of methods and direct monitoring means, and mogelin
material profile (Abbott curve), as the surfacegimuess  of functional surfaces in hardened steel, will Hiert in-
is only slightly indicative of the functional propies of  crease the operational reliability and durabilityy roa-
the machined surface. chine parts and equipment. As further research itei-
cessary to observe and change the character aadibeh
of the machined surfaces and verify the impactunofihg

The paper assessed the state of the surface layer 5: BN on the integrity of the surface of hardeneeiste

specimens of 102Cr6 hardened steel (HRC = 60 #2) b ACKNOWLEDGEMENTS: The present article was
measuring the microgeometry (surface roughness angupported by Scientific Grant Agency of Slovak Miny
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9. CONCLUSIONS



